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EXECUTiVE SUMMARY
LeeCountyCaveIsopodRecovetyPlan

CURRENT STATUS: TheLeeCountycaveisopod,Lirceus usdagalun,is a subterraneanfreshwatercrustacean
foundonlym LeeCounty,Virginia. Thisrareisopodwasfederallylistedasendangeredin November1992;atthetime,
oneof thetwo knownpopulationswasbelievedextirpated,leavinga singlepopulation. Thepresentknowndistribution
oftheLeeCountycaveisopodis in theSurgener-GallohanCavesystemandin two springsatFlanaryBridgeandSims
Creekin thePowellRiverValley. Thisspeciesappearsto haveanextremelylimited range,increasingits susceptibility
toa singleincidentof groundwaterpollution,whichcouldposeseriousthreatsto long-termviability.

LIMiTING FACTORS AND HABiTAT REQUIREMENTS: Unlike mostotherspeciesin this genus,theLee
Countycaveisopodisanaquatictroglobite,anobligatecave-dwellingorganism. It isusuallyfoundonthesurfacesof
small,submergedrocksand gravelsin cavestreamsor similarhabitatat springresurgences.The isopodisconsidered
extirpatedfrom theThompsonCedarCavesystemdueto groundwaterpollutionoriginatingfrom asawmilloperation.
As withmanyotheraquaticspecies,it is consideredsusceptibletovarioustypesof groundwaterpollution.

RECOVERY OBJECTiVE: To achievelong-termpopulationviability of theLeeCountycaveisopodwithin a
significantportionof itsrangeandremovethis speciesfromtheFederallist of endangeredandthreatenedspecies.

RECOVERY CRiTERIA: Delisii’ag maybeconsideredwhenall thefollowing criteriaaremet:

A. Thepresentandhistoricdistributionfor thisspeciesisthoroughlydelineated.
B. Thesurfaceandsubterraneanhydrologywithin theknownrangeofisopodis understoodsufficiently to monitorand

managethespecies.
C. PopulationsoftheLeeCountycaveisopodin atleastfour subterraneansystemsareshowntobestableoveraten-

year(minimal) monitoringperiod.
D. A groundwatermonitoringprogramisestablishedforcavesystemsknownto containtheisopod,with ten-year

resultsdemonstratingthat groundwaterqualityandquantityaresufficienttoensurethe survivalof this species.
E. Measureshavebeensecuredfor thepermanentprotectionfrom significantgroundwatercontaminationof all four

cavesystemssupportingtheLeeCountycaveisopod.

Reclas4ficationtothreatenedmaybeconsideredwhenA andB abovearecompleted,whenC andD havebeen
underwayfor atleastfive yearswithpositiveresults,andwhenE isaccomplishedforat leasttwo sites.

ACTIONS NEEDED:

1. Conductsurveysto determinethelocationandextentofall areassupportingtheLeeCountycaveisopod.
2. MonitorpopulationsoftheLeeCountycaveisopod.
3. Conductlife historyandotherresearchto determinewhatconstitutesaviableandstablepopulationoftheisopod.
4. Developanunderstandthesurfaceand subterraneandrainagesystemswheretheisopodoccurs.
5. Monitorwaterqualityandquantityandisopodhabitatatselectedsites,andeliminateor minimizeenvironmental

impactsonthespecies.
6. Implementhabitatprotectionand,asneeded,restorationmeasuresfor all populationsof the isopod.
7. Conducteducationalprogramsfor theLeeCountyregionthat focuson protectionof cave-karetresources.
8. If feasibleandasneeded,restorepopulationsof theisopodtohabitatwithin itshistoric range.
9. Implementaprogramtomonitorrecoveryprogress.

PROJECTED COSTS($000):

Needi Need2 Need3 Need4 Need5 Need6 Necd7 Nccd8 Need9 Total

FYi 11.5 1 20 30 82 105 28 279.5
FY2 3.5 5 20 20 79 105 13 .5 246.0

— FY3 3.5 5 20 15 68 105 13 tbd* .5 230.0

Fiscalyearcostsfor all tasksbeyondthesethreeyearswill bedeterminedasneeded.
* tobedetermined

TIME FRAME: If recoverytasksareimplementedonschedule,delistingtheLeeCountycaveisopodwill be
consideredin theyear2OlO.
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* * *

Thefollowing recoveryplandelineatesapracticalcourseofactionfor protectingand
recoveringtheendangeredLeeCountycaveisopod(Lirceususdagalun).Attainmentof
recoveryobjectivesandavailabilityof fundswill besubjectto budgetaryandotherconstraints
affectingthepartiesinvolved, aswell astheneedto addressotherpriorities.

This recoveryplanhasbeenpreparedthroughthejoint effortsoftheVirginia Department
ofConservationandRecreation,Division ofNaturalHeritage,andtheU.S. FishandWildlife
Service. Theplandoesnot,however,necessarilyrepresenttheviewsofany individualsor the
official positionof anyagenciesotherthantheU.S. FishandWildlife Service. Approved
recoveryplansaresubjectto modificationasdictatedby newfindings,changesin speciesstatus,
andthecompletionofrecoverytasks.

Literaturecitationsshouldreadasfollows:

U.S. FishandWildlife Service. 1997. LeeCountyCaveIsopod(Lirceus usdagalun)Recovery
Plan. Hadley,Massachusetts.40 pp.

Additional copiesofthis draftplancanbe purchasedfrom:

FishandWildlife ReferenceService
5430GrosvenorLane,Suite110
Bethesda,Maryland 20814
Telephone:301/492-6403or800/582-3421

Forquestionsabouttheplan,pleasecontact:

U.S. FishandWildlife Service
SouthwesternVirginia Field Office
P.O. Box 2345
988 WestMain Street
Abingdon,Virginia 24210
Telephone: 540/623-1233
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PART I: INTRODUCTION

TheLeeCountycaveisopod,Lirceususdagalun,is asubterraneanfreshwatercrustacean

belongingto the family Asellidae. Thefamily is representedin NorthAmericaby severalgenera,

includingCaec,doteaandLirceus. WhileCaecidoteais knownto occurin both surfacewater

andundergroundhabitats,Lirceus is almostalwaysfoundin surfacewaterhabitats,suchas

springs,seeps,andsmallstreams(Williams 1972,HolsingerandBowman1973). Unlikemost

otherspeciesin thisgenus,Lirceususdagalunis atroglobite,an obligatecave-dwelling

organism. This isopodis endemicto southwesternVirginia, whereit hasbeendocumentedfrom

only two cavesystemsandtwo springs(bothpresumablyassociatedwith undiscoveredcave

systems)in LeeCounty.

TheLeeCountycaveisopodwasfederallylisted asendangeredin Novemberof 1992

(U.S. FishandWildlife Service1992). This statuswasdeterminedbecauseoneofthetwo

populationsknownprior to listing wasextirpated,leavingasinglepopulation. In addition,the

LeeCountycaveisopodhasanextremelylimited range,increasingits susceptibilityto asingle

incidentof groundwaterpollution,whichcould poseseriousthreatsto thesurvivalof the species.

Lee County Cave IsopodRecovery Plan I



DESCRIPTION AND DISTRIBUTION

TheLeeCountycaveisopod,discoveredby Dr. JohnR. HolsingerandWilliam Mauck in August

1961, wasthefirst troglobitic speciesknownwithin its genus(HolsingerandBowman1973).

Sincethisdiscovery,only oneothertroglobite,Lirceusculveri, hasbeendescribedin thisgenus

(EstesandHolsinger1976,HolsingerandCulver1988). Like all isopods,theLee Countycave

isopodlacksacarapace,is dorsoventrallyflattened,andpossessessevenpairsof leglike

cephalothoracicappendages.This isopodreachesalengthof only7.0 mmto 7.5 mm,andit

lackseyesandpigmentation(Figure1). TheLeeCountycaveisopod is distinguishedfrom other

speciesin its genusby adeep,narrow,lateralincisionofthehead,relativelywidespacesbetween

theanteriorpereonites,theabsenceof mediananddistal processeson thepalm ofthe

gnathopodalpropod,the presenceof aslenderspuron theendopodof themalesecondpleopod,

andaproportionatelyshorturopod(HolsingerandBowman 1973).

Thisspeciesis endemicto theextremesouthwesterncornerofVirginia in theCentralLee

CountyKarstregion,partofwhich is knownlocally asTheCedars(Holsinger1985). The

isopodhasbeendocumentedfrom only two cavesystemsandtwo springsin thePowell River

ValleyofLeeCounty,Virginia (Figure2). The extentofthesubterraneanwaterwaysthat feed

thesetwo springs,andthereforetheextentandabundanceoftheisopodin thosesystems,is

unknown. Travelingin anortheastto southwestdirection,thehistoric distributionoftheLee

Countycaveisopodin thesetwo cavesystemsandtwo springsincludessix knownsite

occurrences:(1)ThompsonCedarCave,(2) aspringnearFlanaryBridge,(3) aspringalong
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Figure 1. Lee County Cave Isopod,Lirceususdagalun(adult lengthapprox.7.5mm)

Drawing by Leroy Koch
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Distribution ofLirceususdagalunin LeeCounty,Virginia. Sitesfrom
eastto westare: (l)ThompsonCedarCave,(2)springnearFlanary
Bridge,(3)spring alongSimsCreek,(4) GallohanCaveNo. 1, (5)
GallohanCaveNo. 2, and(6) SurgenerCave.

Map by Virginia Department ofConsorvation and Recreation,Division ofNatural fler,tage
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SimsCreek,(4) Ga.llohanCaveNo. 1, (5)GallohanCaveNo. 2, and(6)SurgenerCave. The

northernmostcavesystem(i.e., ThompsonCedarCave)includesonly oneknownoccurrenceof

this species,currentlyconsideredto be extirpated(J.RHolsinger,Old DominionUniversity,

pers. comm. 1997). Theisopodwas formerlyvery abundantin ThompsonCedarCave

(HolsingerandBowman1973); thecavestreamsupporteddensitiesof 100individualsper

squaremeter(Culvereta!. 1992). Heavysawdustpollution, first documentedin 1987from a

local sawmill operation,thenresultedin severedegradationof thegroundwaterquality. The

faunaof thecavestreamwasextirpatedby thispollutionandhadshownlittle signof recoveryas

of May 1990(Culvereta!. 1992). Morerecentsurveyshaveconfirmedsomerecolonizationof

the cavestreamby thetroglobitic isopodCaecidotearecurvataandthetroglobitic amphipod

Crangonyxattenatus,buthavefailed to reconfirmthepresenceofthe LeeCountycaveisopod

(JR. Holsingerpers. comm. 1997).

ThepresentdistributionoftheLeeCountycaveisopod includestheSurgener-Gallohan

Cavesystem,aswell asthekarstsystemsthat feedthetwo springsat FlanaryBridgeandSims

Creek. ThreeoccurrencesoftheLeeCountycaveisopod(i.e., GallohanCavesNo.1 andNo. 2

andSurgenerCave)areconsideredsubunitsofonepopulationbecausetheyarewithin thesame

cavesystem(Holsinger1975). This hydrologicallink betweenstreamsandspringswithin these

cavesis knownastheSurgener-GallohanCaveSystem(HolsingerandBowman1973). Bothof

thespringsiteswheretheLeeCountycaveisopodhasbeendocumentedarefed by subterranean

streamsof unknownlocationandextent.
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HABITAT AND ASSOCIATED AQUATIC FAUNA

TheLeeCountycaveisopodis usuallyfoundon thesurfacesofsmall, submergedrocksand

gravelsin cavestreams,andhasalsobeencollectedfrom similarsubstratesat theFlanaryBridge

spring. CollectionsatSims Springwereby drift netduringaflooding event;however,the isopod

likely existsin thissubterraneansystemin asimilarhabitat. Otheraquatictroglobitesassociated

with theLeeCountycaveisopod includetheisopodCaecidotearecurvata,theamphipod

Crangonyxantennatus,snailsof thegenusFontigens,andplanariansof the genusSphalloplana

(HolsingerandBowman1973).

THE KARST ECOSYSTEM

TheaquatichabitatoftheLeeCountycaveisopodis acomponentofakarstecosystem.The

termkarst typically refersto land formsproducedby thedissolutionofcarbonaterocks

(limestoneanddolomite). Featuressuchas closeddepressionsorsinkholes,blind valleys,

sinkingstreams,springs,andcavernsreflectthedevelopmentofsubsurfacedrainagesystems

with direct connectionsto thesurface. In contrastto non-karstregions,whererainwaterfilters

very slowly throughsoil andbedrockbeforereachinggroundwater,thesinkholes,fissures,and

crevicesthatarecharacteristicofkarstregionsoffer acceleratedroutesfor surfacewaterto enter

groundwatersystemswith eitherno filtering orminimal filtering by soils (Smith1991).
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In 1985,theVirginia CaveBoarddesignatedtheCentralLee CountyKarst region,

including thelocal areaknownasTheCedars(seeFigure2), asaSign~/)cantKarstAreafor its

uniquegeological,hydrological,andbiological values.The geochemistry,juxtaposition,

hydrology,andclimateofThe Cedarsareelementalto the limited habitatsof 33 rareplant and

animalspecies,including theLeeCountycaveisopod.

TheCedarsextendssouthwestwardfrom theTownofJonesvillealongagentlyrolling

valley, approximately1 to 3 miles (1.5to 4.8 kilometers)wide and 10 miles (16 kilometers)

long, towardtheTennessee-Virginiaborder(Culvereta!. 1992,Holsinger1985). The

topographyis characterizedby extensivebarelimestoneledgessolutionallyetchedandsculpted

(karren),numeroussinkholes,blind valleys,sinkingstreams,subterraneandrainages,and caves

(HolsingerandCulver1990). The Cedarsis amaturekarstterranedevelopedon soluble

limestoneof middle Ordovicianage.Approximately300 million yearsagoduringmountain-

buildingactivity, theserockswerestructurallydeformedandthrust for milesalongthe Pine

MountainOverthrustFault. As aresult,thestructuralprofile is thatof aslightly synclinal(down-

warped)basinimprintedby distinctbedrockfracturesandjoints. Bedrockis nearlyhorizontal

alongthetroughof The Cedarssynclineandstrikes600 to 700 northeast.The fractureporosity

superimposedon thesolublebedrockapparentlyfacilitatedthedevelopmentandintegrationof

subterraneanconduitsin theHurricaneBridgeandunderlyingMartins Creekcarbonateunits

(Miller andBrosge1954).

Qualitativetracertestsconductedto dateindicatethat groundwaterin TheCedarsarea

generallymovessouthwestandsouthalonggeologicstrike andfracturezonesto fourmajor

springsystems(BatieSprings,FlanarySprings,SimsSpring,andtheSurgener-GallohanCave
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resurgence).At leastsevensmallerspringsdrainingportionsof TheCedarsemergealongthe

northbankofthePowellRiver,includingRockWall SpringandBlueHoleSpring. During

normallow-flow conditions,groundwatergradientsbetweenU. S. Route58 andthePowell

River rangefrom approximately7 metersperkilometer(36 ft/mi) to 16 rn/km (83 fl/mi), with

thevadosewatertable(i.e.,thelevel wherespacesin rock, soil, or sedimentsarefilled with

water)generallybeinglessthan20 m (66 fi) belowgroundlevel. In 1996,Jones(1990)and

Tern Brown(Virginia DepartmentofConservationandRecreation,pers.comm. 1997)

conductedtracertestsfrom the FleenortownCreeksinkholeandThompsonCedarCaveto the

Batie Springs. Thesetestsindicatedaveragegroundwaterflow ratesof40 metersperhour

duringnormallow-flow conditions.

Groundwatervelocitiesin theSimsSpringbasinwereestimatedat40 rn/hr (130ft/hr) to

60 rn/hr (197 fi/lir) in tracerstudiesconductedby Ewers(1995) andNeely (1996). Semi-

quantitativetracertestsfor estimatingthe rateof groundwatermovementin theSurgener-

Gallohanbasinarein progressasof 1997. Seasonalvariationsin groundwatervelocityandthe

relationshipsbetweenadjacentgroundwaterbasinshavebeenobservedin The Cedarsbut cannot

bequantifiedwithoutadditionalquantitativetracertestinganddischargemonitoring.

An evaluationofU.S. GeologicalSurveywaterbudgetstudiesin maturekarstterranes

suggeststhatatleast75%of theaverageprecipitationfalling in TheCedarsreachesthePowell

Riverasgroundwater.Thus, it is apparentthat in this typeofecosystem,anysingle

contaminationof land,surfacestreams,orundergroundcavernscouldrapidlycontaminate

springsandcavestreams.
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Karst” windows”arecreatedwheresectionsof thecaveroofhavecollapsed,dissolved,

andweatheredaway,exposinggroundwaterstreamsto view. Severalflat-bottomedsinkholes

alongU.S. Route58 arerelativelydryundernormalconditionsbuttemporarilydischargeand/or

storelargevolumesofstormwaterwhenthewater-bearingcapacityoftheconduitsystemis

exceeded.

AccessiblecavesinThe Cedarsprovideaglimpseof thesolution-enlarged,underdrain

systemthatcapti.iresandconveyswaterfromsinkpointsnearU.S. Route58 to thePowellRiver.

ThompsonCedarCave,Molly WagleCave,Wynn Cave,Gibson-FrazierCave,Surgener-

GallohanCave,andothershaveformedcloseto thesurfaceandcanbe directly affectedby

surfaceactivitiesproducingsediment,increasedrunoff, andchemical/bacterialpollutants.

Undiscoveredcavepassagesmostlikely underlieseveralportionsof The Cedars.

LIFE HISTORY AND POPULATION DYNAMICS

Little is knownaboutthelife historyof the Lee Countycaveisopod,andadditional

researchshouldbeconducted.Populationdatafortheknownoccurrencesof theLee County

caveisopodarealsolimited. Of89 specimenscollectedbetween1961 and1971 by Dr. J.R.

Holsingerandseveralcolleagues,73 werefemalesand16 weremales,suggestingafemale-

biasedsexratio(HolsingerandBowman1973). Only five ofthefemaleswereeitherovigerous

(egg-bearing)or larviparous(bearingnewlyhatchedyoung); theseindividualswerecollectedin
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July andAugust. The averagenumberof eggsperfemalewasestimatedto be27.5;however,

this calculationwasbasedon only threefemales(HolsingerandBowman1973).

EstesandHolsinger(1982)comparedcharacteristicsofthepopulationsin GallohanCave

No. 1 andThompsonCedarCavebasedon samplescollectedoveraone-year(1974-75)period.

Theyfoundthat isopodsof bothsexesweresignificantly largerin GallohanCaveNo. I andthat

this populationalsoexhibitedlessseasonalvariationin bodysize. A smallerpercentageof males

wasfoundin theThompsonCedarCavepopulation,but agreaterproportionofthefemaleswas

ovigerous. Theauthorsattributedthesevariousdifferencesto greaterenvironmental

heterogeneityofthestreamin GallohanCaveNo. 1 andto theeffectsof differentlevelsof

competitionamongtheisopodsin the two caves.

THREATS TO TILE SPECIES

GeneralDegradation of Groundwater Quality

Degradationof groundwater quality resulting from surrounding land usesrepresentsa potentially

seriousthreatto the long-term viability of theLee County caveisopod. In karst areas,the quality

and integrity oftheundergroundenvironmentis completelydependenton themanagementofthe

surfaceenvironmentandtheactivitiesthatoccurthere(Smith1991). In orderto effectively

protectthis ecosystemfrom waterqualitydegradation,it is crucialto identify andunderstandthe

sources,inputs,andresurgencesofwaterin thecavesystemsrelativeto surfaceareas(Culveret
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a!. 1994). Pasthydrologicstudiesin The Cedarshaveidentified importantpatternsofthis

hydrologicalsystem(Jones1990),andfuturestudiesshouldincreaseourknowledgeofthe

subterraneandrainagepatterns.

Since1994,TheNatureConservancy,theVirginia DepartmentofEnvironmental

Quality, andtheVirginia DepartmentofConservationandRecreationhaveperiodically

monitoredspringsin TheCedarsin an effortto characterizethetypesof contaminationaffecting

thegroundwatersystemthere. Collectively,springsdrainingThe Cedarshavebeentestedfor

fecaland total coliform bacteria,pesticides/herbicides,petroleumderivatives,metals,nutrients,

semi-volatileorganics,tannins/lignins,andphysicalparameterssuchaspH, dissolvedoxygen,

temperature,conductivity,suspendedsolids, biological oxygendemand,etc. Limited sediment

andsawmill leachatesamplinghasalsobeenconducted. TheVirginiaWaterResources

ResearchCenteris currentlycompilingareviewofthis data.

Concentrationsoftannins,lignins, fecalcoliform, andturbidity appearto be havingthe

mostpronouncedadverseeffectsontheLeeCountycaveisopod’shabitat,aswell asother

surfaceandsubsurfaceaquatichabitats. To date,themajorityof monitoringactivity hasbeen

directedattheBatie SpringsandSims Springssub-basins,wheretheeffectsofpollutionarethe

mostevident. Furtherinformationis neededaboutflow rates,especiallyin areasreceiving

drainagefrom constructionandcommercialsites,andthepresenceofpollutantsin seasonaland

stormwaterpulses. A numberofsmall springsin TheCedarsremainto be sampledfor the

isopod.
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All knownoccurrencesoftheLeeCountycaveisopodareon privatelandandare

currentlyunprotected.Manylandownersin this regionareunawareof thecritical link between

surfacewaterandgroundwater,as is evidentby theuseofsinkholesasdisposalareasfor

household,industrial,andagriculturalwasteproducts. Grazing,farming,logging,andsawmill

operationsareprominentusesofthelandssurroundingthecavesystemsin LeeCounty. Such

operationsrepresentapotentiallysignificantthreatto karstecosystems.Poorfanningpractices

mayalsocontributeexcessivesedimentsto thegroundwatersystem,andleachatefrom organic

decompositionofsawdustandotherwoodwastematerialmaycontaminategroundwater.

Otherpotentialthreatsto habitatssupportingtheLeeCountycaveisopodinclude

nonpointsourcepollution, sedimentationfrom otheractivities, inadequateorfailing septic

systems,toxic spills alongroadways,leakinggasolinetanks,cavevandalism,andresidentialand

commercialdevelopmentin theareawith inadequateerosionandstormwatercontrolsystems.

Site-SpecificDegradationofGroundwaterQuality

ThompsonCedarCave: In early1987,alumbercompanyexpandedits sawmill operationon

propertyjustwestofThompsonCedarCave. Thecompanypiled massiveridgesof sawdustand

woodshavingsin thedrainagebasinwheresurfacewaterenterstheundergroundstreamthat

flows throughthecave(HolsingerandCulver1990). By thespringof 1987, thesinkhole

entranceto thecavewasfilled with sawdustandotherwastewooddebris,someofwhichentered

thecavestream.Thedirectresultofthis actionwasmassiveorganicpollutionofthecavestream

ecosystemandtheextirpationofits cavernicolousfauna(Culvereta!. 1992). Indirectly, surface
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runoffcontainingleachateenteredthegroundwaterthroughsinkholesandfissuressurrounding

andbeneathbothcurrentsawmill siteandanearby,currentlyinactive,sawmill site.

Surgener-GallohanCaveSystem: Dueto thehydrologicalconnectionofthethreeknown

isopodoccurrenceswithin theSurgener-GallohanCaveSystem,thispopulationis extremely

vulnerableto asingleincidentofgroundwaterpollution. Constructionofanewairportand

associatedroadsis proposedwithin threeto four milesoftheSurgener-GallohanCaveSystem;

however,theseactivitiesdo notcurrentlyrepresentseriousthreats. More immediateconcerns

includethepresenceofinadequateor failing septicsystemsin thedrainagebasin,thepresenceof

livestockin surfacestreamsorotherinsurgencesources,andstormwaterrunoffcontaminated

with chemicalsutilized in agriculturalpractices.

FlanaryBridgespring: This siteis believedto be theresurgencefor an undiscovered

subterraneandrainagesystem. Potentialthreatsto thewaterqualityoftheassociated

subterraneanstreamincludeincreasedfutureresidentialandcommercialdevelopmentin thearea

andstormwaterrunofffrom an existinggolf course. Turf maintenanceactivitiesofthegolf

coursecouldintroducenutrients,herbicides,pesticides,andotherchemicalsinto the

groundwater.

SimsCreekspring: Constructionofanewairportis proposedwithin 0.5 milesofthissite. In

addition,thereareproposalsfor roadconstructionactivitiesin thearea Theimpactsfrom these

activitiesareunknownatthistime. Futureplanningofsuchprojectsshouldbe coordinatedwith

biologistsandhydrologistsso asto avoid possibledegradationof groundwaterquality. In this
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context,it is very desirableto determinetheexactlocationoftheundiscoveredsubterranean

stream(s)in this areaofTheCedars.

CONSERVATION AND RECOVERY

Limited conservationhasbeenachievedfor this species.Severallandownershaveexpressed

bothconcernaboutpollution in theregionandsupportfor protectionofthecavesystemsandthe

endangeredisopod. Someoftheselandownershaveagreedto voluntarilyprotecttheirresources

throughTheNatureConservancyCaveRegistryProgram. Initial landownercontactshave

createdagreaterawarenessamongownersregardingthe importanceofmaintainingwater

quality, but additionaleffortsofthis natureareneeded.Forinstance,the ownerofthelumber

companyadjacentto ThompsonCedarCavesignedan agreementwith theVirginiaCaveBoard

in 1990,cleanedthesinkholecaveentrance,andconstructedasoil bermaroundtheentrance.In

addition,this landowneris nowrecyclingsawdustandis consideringthe implementationofa

wood-energyconversionprocess(T. Brownpers.comm. 1997). Thesemeasureshaveimproved

thesituationto somedegree,althoughthesawmill operationcontinuesto affectthis cavesystem.

RecoveryoftheLeeCountycaveisopodwill requirefurtherwidespreadprotection

efforts by countyofficials, conservationagenciesandorganizations,andprivatelandowners.

Protectionstrategiesshouldincludethe following initiatives:
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• Localitiesshouldemploybestmanagementpracticesto protectsurfaceandgroundwater

quality.

• Countyofficials should: (1) applystrategicplanningto theprotectionofsignificantkarst

resourcesthroughzoningorotherlocal means,and(2) implementandenforcestrict

erosionandsedimentationcontrols.

• Conservationagenciesandorganizationsshouldwork towardpermanentprotectionof

essentialhabitatfor theLeeCountycaveisopodhabitatthroughacquisitionandNatural

Area dedication.

• Landownersshouldbe encouragedto sign agreements,suchasconservationeasements

andmanagementplans, asameansof protectingthewaterquality ofthecavesystems.

As anintegralpartofthe recoveryprogram,moreeffort shouldbegivento creatinga

greaterawarenessamonglandownersandresidentsregardingstewardshipofgroundwaterand

karsthabitat.Finally, in additionto protectionefforts, it is critical to continuehydrological

studies,monitor isopodpopulationson aroutinebasis,andto continuesearchingfor additional

populations.
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PART II: RECOVERY

RECOVERY GOAL

Thegoalofthis recoveryprogramis to maintainandrestoreviablepopulationsoftheLee

Countycaveisopod,Lirceususdagalun,overasignificantportionofits range,therebyenabling

thewithdrawalof this speciesfrom the federallist of endangeredandthreatenedspecies.

RECOVERY OBJECTWES

Delisting may beconsideredwhenthe following criteriaaremet:

A. Inventorywork leadsto athoroughdelineationofthepresentandhistoric distributionfor

this species.

B. Thesurfaceandsubterraneanhydrologywithin theknownrangeoftheisopodare

understoodsufficiently to monitorandmanagethespecies.

C. PopulationsoftheLeeCountycaveisopod,in atleastfoursubterraneansystems,are

shownto bestableandpersistentoveraten-year(minimal) monitoringperiod. Forthe
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threeknownextantpopulations,thismonitoringperiodwould beginwhenthefollowing

actionsarecompleted: (1)baselinedatacorrelatinghabitatconditionswith population

statusaregatheredfor theSurgener-Gallohancavesystem,(2) samplingtechniquesare

finalizedfor thetwo springsatFlanaryBridgeandSims Creek,and(3) amonitoring

protocolis establishedthatprovidesfor consistencyamongpopulationsandallows

inferences,if necessary,abouttheisopod’spopulationstatusin thespringsbasedupon

comparativeanalysisofhabitatconditionsamongthevariouscavesystems. Forthe

fourthpopulation,theten-year(minimal) monitoringperiodwould beginwhencriteriaA

andB aremet andeitheranewpopulationis foundorhabitatrestoration/returnofa

ThompsonCedarCavepopulationis achieved.

D. A groundwatermonitoringprogramis establishedin systemsknownto containtheLee

Countycaveisopod, with ten-yearresultsdemonstratingthatgroundwaterqualityand

quantityaresufficient to ensurethesurvivalofthis species.Foreachsystem,

groundwatermonitoringwould be conductedconcurrentlywith thepopulation

monitoringperiod.

E. Measureshavebeensecuredfor thepermanentprotectionfrom significantgroundwater

contaminationof all fourcavesystemsfor theLeeCountycaveisopod(seecriterionC).

Reclassjficaeionto threatenedmaybe consideredwhenA andB abovearecompleted,

whenthemonitoringprogramsin C andD havebeenunderwayfor all fourcavesystemsfor at

leastfive yearswith positive results,andwhenE is accomplishedfor atleasttwo sites.
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RECOVERY TASKS

1.Conductsurveysto determinethe location andextentofall areassupportingthis

isopoS Thecurrentdistributionofthis speciesneedsto be betterdefined. Cavesystems

that eithercurrentlycontainpopulations,or recentlywereknownto containpopulations,

needto be surveyedto determinethedistributionofthespecieswithin eachsystem.

1.1 SurveytheThompsonCedarcavesystematleastannuallyatlocationswherethis

specieswaspreviouslyrecorded.

1.2 Inventorypotentialsamplingsitesin thedrainagebasinof theThompsonCedar

Cavesystemand in the othersystemswherethis speciesis nowknownto occur.

1.3 Searchfor additionalcavesystemscontainingtheLeeCountycaveisopod.

Startingattheperimeteroftheknownhistoricrangeandusingappropriate

samplingtechniquesandstrategy,sampleasufficientnumberofsitesto

determineif thespeciesoccursoutsideits presentknowndistribution. If the

speciesis foundin anewsystem,useappropriatesamplingtechniquesto

determinethedistributionofthespeciesthroughouteachsystemto theextent

possible. Although extensivesurveyshavebeenconductedfor additional

populationsthroughoutTheCedars(JR.Holsingerpers.comm. 1997),these

effortsshouldbe continued.Many cavesin this ecosystemarevery small,

hinderingorpreventingscientistsfrom enteringthesystemin orderto sample
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suitablehabitat.Alternativesamplingmethods(e.g.,drift nets,pumping)should

beexploredandimplementedif applicable.

2. MonitorpopulationsoftheLeeCountycaveisopotL

2.1 Selectappropriatesitesfor populationmonitoringwithin eachcavesystem,

basedontask1.2, anddeterminetheappropriatemonitoringtechniqueand

strategyfor eachsystem.

2.2 ImplementmonitoringofLeeCountycaveisopodpopulationsusingthemethods

determinedin task2.1 on aregularbasis(atleastonceannually)for tenyears.

3. ConductI~fe historyandother researchrequiredto determinewhat constitutesa

viableandstablepopulation oftheLeeCountycaveisopoirL

3.1 Conductresearchon sexratios,fecundity,survivalrate,mortality rate,longevity,

food supply,habitatrequirements,viable populationsize,andthreatsto the

species.

3.2 Usingresearchresultsfrom task3.1, determinewhenaLirceus usdagalun

populationmaybe consideredviableandstable.
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4. Developa morecomprehenisveunderstandingofthesurfaceandsubterranean

drainagesystemsin which theLeeCountycaveisopodoccurs. Severalkarst

hydrologistshaveconductedqualitativetracertestingto partially delineategroundwater

basinboundariesin TheCedars.Dr. RalphEwers(EwersGroundwaterConsultants,

Inc., EasternKentuckyUniversity)estimatesthat fourdiscretegroundwatersub-basins

andseveralsmallerdiscontinuousbasinshavedevelopedin TheCedars.Although

additionaltracertestsareneeded,apreliminarymapoftheconceptualgroundwaterbasin

boundariesofTheCedarshasbeenpreparedbasedon initial tracertestsby Jones(1990),

Ewers(1995),andTerri Brown(unpubl.data).

4.1 Map drainagesystemsand indicatesiteswherepollution is enteringor is likely to

enterthesystem. DevelopaGIS databasethat includesapiezometricsurface

mapandactive/sensitivekarstfeatures.

4.2 Useappropriatetechniquesto betterdelineatedrainagesanddeterminethe

temporalrelationshipbetweenthem.

5. Monitor waterquality andquantityandisopodhabitatatselectedsites,andeliminate

or minimizeenvironmentalimpactson thespecies.

5.1 Determinetheeffectsofwaterpollution on this species.Thepotentialimpactof

variouspollutantsneedsto be evaluatedby conductingbioassayswith surrogate

species.Examplesof potentialpollutionsourcesincludesepticsystems,
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sawmills,livestockin streams,siltation,development,roads,golf courses,spills,

dumpingin sinkholes,theuseofpesticides,andothers.

5.2 Locateappropriatesitesfor monitoringpollution.

5.3 Establishpermanentmonitoringstationsif needed.

5.4 Implementregularmonitoringasrequiredto trackimpactsofpollution and

changesin naturalwaterlevels.

5.5 Work with landowners,agencies,andotherentitiesto prevent,eliminate,or

minimizenegativeimpactsto thewaterquality andquantityoftheisopod’s

habitat. This will requiretheefforts of variousagencies,local groups,and

individualsdedicatedto finding waysto improvewaterquality, maintainwater

quantity,andimprovehabitatfor thisspecies.Pollutionpreventionand

remediationefforts will vary dependingupontheparticularthreatto thespecies.

Thedevelopmentofstormwatermanagementplansis crucial to reducing

impactsto habitatssupportingtheLeeCountycaveisopodbecausenonpoint

sourcepollution is largelyunregulated.

6. Implementhabitatprotectionan4, asneeded,restorationmeasuresfor allpopulations

oftheLeeCountycaveisopod Landwithin thewatershedsofknownisopod

populationsandhabitatsshouldbe protectedto ensurethe long-termintegrityofthe

waterqualitythat is soimportantto this species’survival. Developmentand
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implementationofhabitatrestorationandprotectionstrategiesforkarstsystemsthat

supporttheLeeCountycaveisopodshouldberequiredcontingenton thelevelofthreat.

Actions to protectthisspeciescould includeprotectingrechargeareasandsurface

watersheds,limiting accessto cavesor springs,gatingcavesandenclosingsprings,

preventingsinkholedumping,informing landownersabouttaxincentivesfor certain

conservationactivities,andotherprotectionmeasures.

6.1 Wherefeasible,developprotectionandrestorationplansfor groundwater

rechargeareasfor all sitesthathistorically supportedorcurrentlysupportthe

isopod. Restoreand/ormaintainnaturaldrainagepatterns,andestablisheffective

bufferareasaroundrechargezonessuchassinkholesanddischargepointssuch

asspringsandseeps. To avoidpossibledegradationofgroundwaterquality,

projectplanningshouldbe coordinatedwith hydrologists.

6.2 ProtectandrestoreLeeCountycaveisopodhabitat,especiallyatsiteswhere

pollutionmayenterthegroundwatersystemandat all sitesknownto have

historicallysupportedorwhichcurrentlysupportthis species.Encouragethese

effortsthroughacquisition,easements,andmanagementagreementswith willing

landowners.

6.3 Enforceexistinglawsandregulations(e.g.,section7 ofthe federalEndangered

SpeciesAct, theCleanWaterAct, Stateandlocal lawsconcerninggroundwater,

surfacewater,andsedimentationanderosioncontrol)to protecttheLeeCounty

caveisopodandits aquatichabitat.
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7. Conducteducationalprogramsfor theLeeCountyregion thatfocuson protectionof

cave-karstresources,including theLeeCountycaveisopod Encouragecooperation

amonglandowners,governmentagencies,andnongovernmentalorganizationsin

achievinglong-termprotectionoftheLeeCountycaveisopod. Thepublic needsto be

awareoflandmanagementproblemsuniqueto karstlandscapes,andunderstandthat

developmentin karstareasmustbe well plannedto maintainwaterqualityandquantity.

7.1 Meetwith landownersto discussthespeciesandits habitatneeds,andto enlist

theirassistancein protectingLeeCountycaveisopodhabitat.

7.2 Produceinformationalmaterialsandconductpublic educationprograms.The

aim oftheseefforts will be to: (1) improvelandownerandpublic awarenessof

theLeeCountycaveisopod’sstatusasanendangeredspeciesaswell asits

habitatrequirementsandrecoveryneeds,and(2) developpublic appreciationof

karstterrains,waterquality andquantity,uniquekarstecosystemsandtheirbiota,

andperturbationeffects.Thiswill involve activitiessuchastours,programs,fact

sheets,andpopulararticles. Thesupportofindividualsor groupsshouldbe

enlistedto fosterimprovedstewardshipof landandwaterin orderto minimize

negativeimpactsto theisopodandits habitat. Themosteffectivewayto foster

interestin theprotectionofcavefaunaandits habitatmaybethroughdeveloping

ageneralappreciationofkarstsystems.
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8. Iffrasible andasneede4,restorepopulationsoftheLeeCountycaveisopodwithin Its

historicrang& It maybecomenecessaryto reintroducepopulationsofthis speciesto

locations(suchasThompsonCedarCave)within its presumedhistoricrange.

8.1 Determinethe feasibility oftransplantingindividualsofthespecies.Determine

whatactionswould berequiredto reestablishapopulationandidentify

appropriatereintroductionlocations.

8.2 Takeappropriateactionsto establishapopulationor populationsatselected

locations,if feasibleandif thewaterqualityandhabitatareimprovedand

protectedsothat successfulestablishmentcould be expected.

8.3 Monitorthenewlyestablishedpopulationatleastannuallyfor tenyearsto

evaluateits status,anddetermineif additionalmonitoringis required.

9. Implementa programto monitor recoveryprogress. Monitoringrecoveryprogresswill

bedoneby maintainingarunninglist ofindividuals(seeAppendixA) with knowledgeof

thestatusoftheLeeCountycaveisopodand/orknowledgeofthekarstregion(andits

status)wherethisspeciesoccurs. As needed,variousexpertswill be consultedon

particularquestionsor issuesin orderto obtaintheir individual opinionsregarding

recoveryprogressanddirection.
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PART III: IMPLEMENTATION

Thefollowing ImplementationScheduleoutlinesactionsandestimatedcostsfor theLee

Countycaveisopodrecoveryprogramoverthreeyears. It is aguideformeetingtherecovery

objectivesdiscussedin PartII ofthisplan. This scheduleindicatestaskpriorities, tasknumbers,

taskdescriptions,durationoftasks,responsibleagencies,andestimatedcosts. Theschedulewill

be updatedasrecoverytasksareaccomplished.

Key to Implementation SchedulePriorities (column 1)

Priority 1: An actionthatmustbetakento preventextinctionor to preventthespeciesfrom
decliningirreversiblyin the foreseeablefuture.

Priority2: An actionthatmustbetakento preventasignificantdeclinein species
population/habitatquality or someothersignificantnegativeimpactshortof
extinction.

Priority 3: All otheractionsnecessaryto providefor full recoveryofthespecies.

Key to ResponsibleAgencies(column 5)

USEWS:
RS:
ES:
USGS:
BRD:

U.S. FishandWildlife Service
USFWSRegion5 (NortheastRegion)
EcologicalServices(includestheEndangeredSpeciesprogram)
U.S. GeologicalSurvey
Biological ResourcesDivision, USGS
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EPA:
FAA:
FBOP:
NRCS:
Corps:
VDNH:
VDGIF:
VDEQ:
VDOT:
VCB:
VWRRC:
LeeCounty:
TNC:

EnvironmentalProtectionAgency
FederalAviation Administration
FederalBureauofPrisons,U.S. DepartmentofJustice
NaturalResourcesConservationService
U.S. Army CorpsofEngineers
Division ofNaturalHeritage,VA Departmentof ConservationandRecreation
VA Departmentof GameandInlandFisheries
VA Departmentof EnvironmentalQuality
VA DepartmentofTransportation
VA CaveBoard
VA WaterResourcesResearchCenter
LeeCountyagenciesandofficials, andotherlocal governmentalgroups
TheNatureConservancyandotherconservationogranizations
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LeeCountyCaveIsopodRecoveryImplementationSchedule(pagetwo),September1997

Priority TaskDescnption
Task

Number Duration
ResponsibleAgency
USFWS Other

EstimatedCosts($100(fl
CommentsFYi FY2 FY3

2 Establishpermanentmonitoringstationsif
needed.

5.3 2years R5ES EPA
USGS
VDEQ
VDNH
contract

10 10 Costspertainto initial
establishment;ongoing
maintenanceneedscovered
by task5.2

2 Implementregularmonitoringasrequiredto
trackimpactsofpollutionandchangesin natural
waterlevels.

5.4 ongoing RSES BRD/tJSGS
EPA

VDEQ
contract

15 15 15 Futurefunding contingenton
resultsof initial monitoring

2 Work with appropriatelandowners,agencies,
andotherentitiesto prevent,eliminate,or
minimizenegativeimpactsto thewaterquality
andquantityof theisopod’shabitat.

5.5 ongoing R5ES EPA
Corps

VDNH
VDGIF
VDEQ

LeeCounty

5 3 3 +2K/yr throughFY10

2 Wherefeasible,developprotectionand
restorationplansfor groundwaterrechargeareas
for all sitesthathistoricallysupportedor
cunentlysupporttheisopod.

6.1 ongoing R5ES NRCS
VDNH
VDGIF
VCB

LeeCounty
TNC

5 S 5 Futurefunding contingenton
resultsof initial efforts

2 Enforceexistinglawsandregulationsto protect
theLeeCountycaveisopodanditsaquatic
habitat.

6.3 ongoing R5ES FAA
FBOP
Corps
EPA

VDEQ
VDOT
VDGIF

LeeCounty

Costsassociatedwith regular
staffduties

3 SurveytheThompsonCedarcavesystemat least
annuallyatlocationswherethisspecieswas
nreviouslvrecorded.

1.1 ongoing R5ES VDNH
TNC

contract

0.5 0.5 0.5 Fundingcontinuedasneeded



IMPLEMENTATION SCHEDULE
LeeCountyCaveIsopodRecoveryPlan

eptember1997

Priori TaskDescri tion
Task

Number
Task

Duration
ResponsibleAgency
USFWS Other

EstimatedCosts(S00(Ifl
FYl FY2 FY3 Comments

ProtectandrestoreLeeCountycaveisopod

knownto havehistoricallysupportedorwhich
currentlysupportthisspecies.

6.2 ongoing R5ES EPA
NRCS
VCB

VDEQ
VDNH

LeeCounty
TNC

100 100 100 Fundingto continuethrough
recoveryperiod,asneeded

2 Inventorypotentialsamplingsitesin the
ThompsonCedarcavesystemandin theother
systemswherethisspeciesis currentlyknownto
occur.

1.2 1 year R5ES VDNH
contract

8 Initial comprehensivesurvey
followed by task2.1

2 Selectappropriatesitesforpopulation
monitoringwithin eachcavesystemand
determinetheappropriatemonitoringtechnique
andstrategyfor eachsystem.

2.1 ongoing R5ES VDNH

2 ImplementmomtonngofLeeCountycaveisopodpopulationson aregularbasis(atleast
onceannually)for tenyears.

2.2 10 years R5 ES VDNHcontract 5 5 +SKannuallythroughFYl0

2 Map drainagesystemsandindicatesiteswhere
pollution isenteringor is likely to enterthe
system.

4.1 3 years RSES BRD/EJSGS
VDEQ
VDNH
contract

20 10 10

2 Determinetheeffectsof waterpollutionon this
species.

5.1 ongoing R5ES BRD/USGS
EPA

VDEQ
contract

50 50 50 Futurefunding contingenton
resultsof initial laboratory
studies

2 Locateappropriatesitesfor monitoring
pollution.

5.2 2years R5ES USGS
VDEQ
VDNH
contract

2



LeeCountyCaveIsopodRecoveryImplementationSchedule(pagethree),September1997

3

3

TaskDescription
Task

Number Duration
ResponsibleAgency

USFWS Other
EstimatedCosts($1000~

CommentsFYl FY2 FY3

Searchforadditionalcavesystemscontaining
theLeeCountycaveisopod.

1.3 3 R5ES VDNII
contract

3 3 3 Evaluateafter 3 yearsto
determineif taskis
completed;mayrequire
additionaltime andfunds

3 Conductresearchon sexratios,fecundity,
survivalrate,mortalityrate, longevity,food
supply,habitatrequirements,viablepopulation
size,andthreatsto thespecies.

3.1 5 years R5ES contract 20 20 20 Futurefundingcontingent
uponsuccessfulcompletion
offirst 3 years

3 Usingresearchresultsfrom task3.1,determine
whenaLirceususdagalunpopulationmaybe
consideredviableandstable.

3.2 1 year R5 ES contract 2

3 Useappropriatetechniquestobetterdelineate
drainagesanddeterminethetemporal
relationshipbetweenthem.

4.2 2-3 years R5ES VDNH
contract

10 10 5

3 Meetwith landownerstodiscussthespeciesand
itshabitatneeds,andto enlisttheir assistancein
protectingLeeCountycaveisopodhabitat.

7.1 ongoing R5ES VDNH
TNC

contract

3 3 3 Futurefundingasneeded

3 Produceinformationalmaterialsandconduct
publiceducationprogramsto: (1) improve
public awarenessof theLeeCountycave
isopod’sendangeredstatusandrecoveryneeds,
and(2)developpublicappreciationof karst
terrains,waterquality andquantity,uniquekarst
ecosystemsandtheirbiota,andperturbation
effects.

7.2 ongoing RE ES EPA
VDEQ
VDNH
VCB
TNC

contract

25 10 10

3 If feasibleandasneeded,restorepopulationsof
Lirceususdagaluntohabitatwithin its historical
range.

8 tbd tbd tbd tbd tbd tbd Feasibilityandcosttobe
determinedbasedonthe
resultsoftasks3.1 and3.2

3 Implementaprogramto monitorrecovery
progress.

9 ongoing RS ES 0.5 0.5 Annual meetingstocontinue
until full recoveryis achieved



APPENDIXA:
RECOVERY CONTACTS

Thefollowing list includesthoseindividualswho arelikely to be involvedin coordinatingand
monitoringtheLeeCountyCaveIsopodrecoveryprogram. This list is not exclusive,andit will be
amendedoraddedto asappropriateduringthecourseofrecovery. It is presentedasasourceof
contactsfor informationregardingspecificrecoveryactivitiesandprogresstowardmeetingrecovery
objectives. TheprimaryU.S. FishandWildlife Servicecoordinatorforrecoveryofthis speciesis:

Leroy Koch,SouthwesternVirginia FieldOffice
U.S. FishandWildlife Service
P.O.Box 2345
988 W. Main Street
Abingdon,VA 24210
540/623-1233

Othercontactpersonsare:

TeniBrown
VA Departmentof ConservationandRecreation
Division ofNaturalHeritage
do Soil andWaterField Office
P.O.Box 1506
Dublin, VA 24084
540/674-5541

CarenCaijouw
VA DepartmentofConservationandRecreation
Division ofNaturalHeritage
Main StreetStation
1500E. Main Street,Suite312
Richmond,VA 23219
804/786-7951

E. SueCantrell
LeeCountyHealthDirector
LeeCountyHealthDepartment
P.O. Box 763
Jonesville,VA 24263

Dr. DavidCulver
DepartmentofBiology
AmericanUniversity
4400MassachusettsAvenue,NW
Washington,D.C. 20016
202/885-2194

RalphEwers
EwersWaterConsultants,Inc.
160RedwoodDrive
Richmond,KY 40475
6061623-8464

Dr. JohnK Holsinger
DepartmentofBiological Sciences
Old DominionUniversity
Norfolk, VA 23529
757/683-3606
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David Hubbard
VA DepartmentofMines,Minerals, andEnergy
Division ofMineral Resources
FontaineResearchPark
900NaturalResourcesDrive
P.O.Box 3667
Charlottesville,VA 22903
804/293-5121

Bill Jones
KarstHydrologist
Box 490
Cherlestown,WV 25414
304/725-2872

Bill Keith
NaturalResourcesConservationService
Route2, Box 35
Jonesville,VA 24263

Bill Kittreli
TheNatureConservancy
Clinch ValleyBioreserve
151 W. Main Street
Abingdon,VA 24210
540/676-2209

Andy Moser
U.S. FishandWildlife Service
ChesapeakeBayField Office
1825Virginia Street
Annapolis,MD 21401
410/573-4537

Rick Reynolds
VA DepartmentofGameandInlandFisheries
4725LeeHighway
P.O.Box996
Verona,VA 24482
703/248-9386

Dr. SteveRoble
VA DepartmentofConservationandRecreation
Division ofNaturalHeritage
Main StreetStation
1500 E. Main Street,Suite312
Richmond,VA 23219
804/786-7951

Larry Smith
VA DepartmentofConservationandRecreation
Division ofNaturalHeritage
Main StreetStation,Suite312
Richmond,VA 23219
804/786-7951
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APPENDIX B:
LIST OF REVIEWERS

A numberindividualssubmittedcommentson thetechnical/agencydraftLeeCountycaveisopodplan.
All commentswereconsideredduring final planpreparationandincorporatedinto thisdocumentas
warranted.Lettersof commentareretainedon file in theSouthwesternVirginiaField Office ofthe
U.S. FishandWildlife Service.An asterisk(*) denotesthoseindividualswhowereaskedto contribute
independentscientificreviewoftheplan.

Substantivecommentsgenerallycoveredtime frameandcriteriafor reclassifyinganddelisting
Lirceus usdagalun. Othercommentswereprimarily editorialin natureorcoveredspecificpointsin the
text. Thesecommentswereincorporatedinto thetext asappropriate.

Theoveralltime framefor monitoringisopodpopulationsto measurerecoveryprogress,and
whenthismonitoringperiodshouldbe initiated, wasaconcernof fourofthepeerreviewers. Their
primaryconcernwasthat this periodadequatelydetectfluctuationsin thepopulationsmonitoredand/or
changesin thehydrologyofthecavesystembeingmonitored. Differenttime framesweresuggested,
varyingfrom five to twentyyears,althoughreviewersdid not specifywhenmonitoringshouldbeginor
howmonitoringin thefour cavesystemsmight vary dueto physicalconstraints.Theseconcernsand
suggestionshavebeenaddressedin the final recoveryplan.

TheServicewishesto thankthosewhotook time to reviewandcommenton thedraft recovery
plan. EffectiverecoveryoftheLeeCountycaveisopodultimatelydependson thecombinedexpertise
and involvementof professionalsandconcernedparties.

Kurt Buhlmann*

University of Georgia
SavannahRiverEcologyLaboratory
Aiken, SC 29802

TeniBroi~
VA Departmentof ConservationandRecreation
Division ofNaturalHeritage
do Soil andWaterField Office
P.O.Box 1506
Dublin, VA 24084

Dr. David C. Culver*
AmericanUniversity
DepartmentofBiology
4400MassachusettsAvenueN.W.
Washington,D.C. 20016

Dr. JohnR Holsinger*
DepartmentofBiological Sciences
Old DominionUniversity
Norfolk, VA 23529

DavidHubbard*

Virginia CaveBoard
P.O. Box 3667
Charlottesville,VA 22903

Larry Smith
VA DepartmentofConservationandRecreation
Division ofNaturalHeritage
Main StreetStation,Suite312
Richmond,VA 23219

TheresaFrazier
VA DepartmentofEnvironmentalQuality
P.O. Box 1688
Abingdon,VA 24212
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